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We present in this contribution the basic formulae for the analysis of low-momentum 
charged- and neutral-kaon interactions in hydrogen, including as well a (brief) description 
of the problems left open by past experiments and of the improvements DA$NE can be 
expected to offer over them. Interactions in deuterium and other light nuclei will be only 
briefly mentioned, and only in those respects touching directly upon the more "elementary" 
aspects of kaon-nucleon interactions. 

1. Introduction. 

DA$NE is expected to produce, with "standard" assumptions about luminosity and 
cross sections, about 1.25 x 10^*^ i^^'s and 8.5 x 10^ i^i's per year of operation, considering 
a conventional "Snowmass year" of 10^ s. With a detector of KLOE's size one can thus 
expect to observe up to millions of interactions per year, even in the light element (quite 
probably gaseous helium at atmospheric pressure) filling its fiducial volume. 

A first question has thus to be answered: do these events contain useful physics to be 
worth recording and interpreting? One could even go further and envisage using DA$NE 
as a source of high-resolution (Ap/p of respectively 1.1 x 10~^ for K^^s and 1.5 x 10~^ 
for Kl^s), low-momentum kaons (127 MeV/c for the former, 110 MeV/c for the latter), 
to measure with a dedicated detector KN and KN interactions in a toroidal volume filled 
with gaseous H2 or D2, and possibly also interactions in heavier, gaseous elements. 

The machine has thus the ability to explore a kinematical region very little in- 
vestigated in the past: only few bubble-chamber K~ experiments in hydrogen (and 
deuterium) ^'^ plus very few data points on Ks regeneration"^ exist, all with extremely 
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low statistics and more than a decade old (the last experiment^ to cover this region was 
carried out by the TST Collaboration at the hydrogen bubble chamber in NIMROD's low- 
energy kaon beam in the second half of the seventies). Since in dispersive calculations of 
low-energy parameters for KN interactions (couplings, scattering lengths, sigma terms) 
the bulk of the uncertainties comes from the integrals over the unphysical region, to de- 
scribe which one must extrapolate down in energy from that just above threshold, DA$NE 
can be expected to make substantial improvements over our present knowledge of those 
parameters. 

The following sections are therefore dedicated to illustrating both the level and the 
limitations of present-day information on low-energy kaon~nucleon physics, spotlighting 
those points which still await being clarified, and where DA$NE can be expected to im- 
prove. Being the phenomenology in this case more complex than in the (strictly related) 
pion-nucleon one, we shall start almost from scratch. 

We shall also take the liberty of not going into the details of models, in particular 
for the spectroscopic classification of the J^ = ^ , 5'-wave resonance A(1405): data are 
so scarce, for the moment being, that any interpretation of such a state is to be regarded 
as purely conjectural^. 

2. Amplitude formalism for two— body KN and KN interactions. 

Any ai{0~,q) + Bi{^ ,p) -^ 02(0",^') + B2{\ ,p') process is most economically 
described in the centre-of-mass (cm.) frame by two amplitudes, G{w,6) and H(w,9), 
when the T-matrix element Tq,^ is expressed in terms of the two-component Pauli spinors 
Xa and x/3 (respectively for the final and initial ^ baryons) as T^p = XaTx^, where 

T = G{w,e)xI + iH{w,e)x{a-h) (1) 

and n defines the normal to the scattering plane^. 

These cm. amplitudes have a simple expansion in the partial waves T£±{w) — 
(?7^±e^*'^'^± — l)/2iq, given by 

00 
GN{w,9) = Y,[(^+^)T£+{w)+eTe-{w)]P,{cos9) (2) 

e=o 

00 
Hn{w,9) = Y,[T,+ {w) -Te-{w)mcos9) , (3) 

£=1 



where the subscript A^ indicates that only the purely nuclear part of the interaction has 
been considered. 

To describe adequately the data, the amplitudes must also include electromagnetism 
and can be rewritten as 

G{w,e) = GNiw,e) + Gciw,e) (4) 

H{w, 9) = Hn{w, 9) + Hc{w, 9) , (5) 



where the tilded nuclear amplitudes differ from the untilded ones only in the Coulomb 
shifts a^^ " (differing from zero only when both particles in the initial (final) state are 
charged) having been applied to each partial wave Tg±, namely when 



Ti± -^ fi± = e'<±Ti±{w)e"'^± . (6) 

The one-photon-exchange amplitudes Gc and He (of course absent for charge- 
and/or strangeness-exchange processes, but not for Kg regeneration, which at t 7^ goes 
also via one-photon exchange) can be expressed in terms of the Dirac nucleon form factors 
as^'^ 

and 

Hew, 9) = ± /"^ ■ {^-— ■ Fi t +[w+ ] ■ ^^} 8 

2wta,n-^9 E + m 4[E + m) m 

for the interactions of (respectively) K^ with nucleons, while for Ks regeneration one 
has to change the sign of the isovector part of the kaon form factor Fx{t). Here 7 = 
a ■ (w^ — m'^ — y?')/2qw and the Coulomb phase (jic is defined as 



1 f^ dt 

(Pc = -7log(sin2 -^) +7 ■ / - ■ [1 - FK{t)Fi{t)] 



(9) 



-4q2 

for charged kaons scattering on protons, while it reduces to 



/•° dt 
ct^c = -l -FK{t)F,{t) (90 

J-4g2 t 

for processes involving i^^'s and/or neutrons. 

We have denoted with w and 9 respectively the total energy and the scattering angle 
in the cm. frame, q = [\w'^ — |(?Ti^ + /U^) + {m? — ix^)"^ /Aw'^Y''^ is the cm. momentum 



(in the initial state: for inelastic processes, including charge exchange, we shall indicate 
final-state kinematical quantities with primes), E the total energy of the baryon in the 
cm. frame, E = (w'^ + w? — y^)/2w, and t the squared momentum-transfer, t = m? + 
m''^ — 2EE' + 2qq' cos 9. We shall also use the laboratory-frame, initial-meson momentum 
k = ^(cu^— //^)^/^ and energy a;, related to the cm. total energy via a; = (zw^— m^— /U^)/2rM, 
and, besides t, the two other Mandelstam variables s = w'^ and u, the square of the cm. 
total energy for the crossed channel a2(0~) + Bi{^ ) ^ ai(0~) +i?2(| ), obeying on the 
mass shell the indentity s + t + u = w? + m'^ + /U^ + /u'^. 

The shifts (Ji± have been computed accurately by Tromborg, Waldenstrom and 
0verb0^ in a dispersive formalism for the tiN case: the same formalism^ could be extended 
(but has not been up to now) also to the KN and KN ones. Minor corrections remain 
to be applied to the phases 6i± and to the elasticities 77^-1-, to extract their purely nuclear 
parts^; a way of removing them efficiently has been devised by the Karlsruhe-Helsinki 
group for T^N amplitudes: it consists in starting from a (preliminary) set of phase shifts, 
calculating from them the corrections in the above-mentioned dispersive formalism^'^, then 
the changes in the observables brought about by these latter, and finally correcting the 
data for these effects and starting the phase-shift analysis all over again, this time from 
the "corrected data". This procedure has turned out to be both self-consistent and fast^. 

In terms of the amplitudes G and H the cm. differential cross sections for an 
unpolarized target (which will most surely be the case in DA$NE's almost 47r geometry) 
take the simple form 

|L45:ir„,|-|GP^|i.r (10) 

The other observables possibly accessible at DA$NE, in the strangeness-exchange 
processes KN -^ ttA and KN -^ ttE, are the polarizations Py (y = A or E) of the 
final hyperons, measurable through the asymmetries a of their weak nonleptonic decays 
A -^ n~p or n^n, for both of which we have an asymmetry a ^ 0.64, and E+ -^ n^p for 
which the asymmetry is a ~ —0.98, while there is very little chance to be able to use the 
neutron decay modes E^ — > yr^n, which have the very small asymmetries a ~ ±0.068; we 
have for these quantities 

Py.{^)=21m{GH*). (11) 

Note that, for an (S'+P)-wave parametrization (fully adequate at such low momenta), 
while the integrated cross sections depend only quadratically on the P-waves, both the 



first Legendre coefficients of the differential cross sections 



Li = lJ cos^ (^) rfcos^ = ^ Re [To+(2Ti+ + Ti_)* + . . .] (12) 

and the polarizations 

Py • (^) = 2 Im [To+(Ti+ - Ti_)* + 3Ti_T*+ cos^ + . . .] sin^ (13) 

are essentially linear in the small P-wave contributions, and give complementary informa- 
tion on these latter. It is perhaps not useless to remind the reader that the low statistics 
of the experiments, performed only up to the late seventies, have not been enough to de- 
termine any of these parameters, putting only rather generous (and utterly useless) upper 
bounds^ on |Li| for the hyperon production channels. 

We shall now devote the last part of this section to show explicitly why this ab- 
sence of direct information on the low-energy behaviour of the P-waves has been a serious 
shortcoming for KN amplitude analyses. Remember that we know, from production ex- 
periments, that the / = 1, 5" = — 1 Ti+ partial wave resonates below threshold at a cm. 
energy around w = 1385 MeV, the mass of the isovector member of the J^ = | decuplet. 

One has to turn from the Pauli amplitudes G and H to the invariant amplitudes 
A(s, t) and B(s, t), defined in term of four-component Dirac spinors as 

2nw T^f3 = Uc.{p')[A{s,t) + B{s,t) ■ -f^Q^]up{p) , (14) 

where Q = ^{q + q')^ the average between incoming- and outgoing-meson cm. four- 
momenta: these amplitudes obey simple crossing relations and are free of kinematical 
singularities, so that they are the ones to be used, rather than G and H, for any analytical 
extrapolation purpose; it is also customary to use the combination Diy.t) = A{u,t) + 
V ■ Biy^t)^ where z/ = (s — 'u)/2(m?Ti')^'^, which has the same properties as A(z/, t) under 
crossing, and furthermore, for elastic scattering, obeys the optical theorem in the simple 
form 

ImL>(z/,t = 0) = A;-(7tot , (15) 

where of course all electromagnetic effects must be subtracted on both, sides. 

One can rewrite A and B in terms of G and H^ and thus reexpress them through the 
partial waves T^-t, by projecting eq. (14) on the different spin states (polarized perpendic- 
ularly to the scattering plane) and obtain in the most general kinematics 



Att 1 

+ [{E + m){E' + m'){w - -{m + m')} + {-t + EE' - -(m^ + m''^)}{w + -(m + m')}]- 

Zi Zj ^ Zi 

qq sm 
and 

-[{E + m){E' + m') -\t- EE' + ^(m^ + m''')] ^^^:^] } . (17) 

Considering for sake of simplicity forward elastic scattering only, the amplitudes 
become, leaving out D and higher waves, 

Atxw 

D{iy,0) = [To+ +2Ti+ +Ti_ + . . .] (18) 

m 

and 

Attiu 
S(z/,0) = :.[{E - m)To+ - 2{2m - E)Ti+ + {E + m)T^. + . . .] ; (19) 

introducing the (complex) scattering lengths a£± and (complex) effective ranges r£± one 
can expand up to 0{q'^) the partial waves close to threshold, and obtain for the forward 
D amplitudes 



D{q, 0) = 47r(l + ^){ao+ +za^+Q+ [2ai+ +ai_ - (ao+ + -ro+)a^+ - 7r^]q' + •••}, (20) 

III Zi Z iilLl 

dominated by the 5"- waves, while for the B amplitudes the same approximations give 



B{q,0) = —{1 + -^)[ao+ - 4m\ai+ - ai-) + ial+q + . . .] , (21) 

mm 

where the factor 4?ti^ ~ 90 fm,~'^ enhances considerably the contributions by the low- 
energy P-waves (virtually unkown) , rendering practically useless the unsubtracted disper- 
sion relation for the better converging B amplitudes, so important for the ttN case in fixing 
accurately the values of the coupling constant /^ and of the S-wave scattering lengths^. 

3. Open channels and baryon spectroscopy at DA$NE. 

As mentioned above, in the momentum region which could be explored by the kaons 
coming from the decays of a (/)-resonance formed at rest in an e~^e~ collision, we have only 
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data from low-statistics experiments, mostly hydrogen bubble-chamber ones on K~p (and 
K~d) interactions^'^ (dating from the early sixties trough the late seventies), plus scant 
data from Kl interactions and Ks regeneration, mostly on hydrogen^. 

The channels, open at a laboratory energy uj = ^M(f, (for X^'s to obtain the exact 
value of a; one has to include their energy losses through ionization as well), are tabulated 
below for interactions with free protons and neutrons, together with their threshold energies 
Ethr (in MeV), strangeness and isospin(s). We do not list iir+-initiated processes, which 
are (apart from charge exchange) purely elastic in this energy region. 

Table I 



Channel 




EtHr/MeV 


S 


/ 


K-p,Kln ^ 


TT^A 


1250.6 


-1 


1 


K-p,Kln ^ 


ttOeO 


1327.5 


-1 





K-p,Kln ^ 


7r-E+ 


1328.9 


-1 


0,1 


K-p,Kln ^ 


TT+E- 


1337.0 


-1 


0,1 


K-p,Kln ^ 


TrOyrOA 


1385.6 


-1 





K-p,Kln ^ 


7r"'"7r~A 


1394.8 


-1 


0,1 


K-p,Kln -. 


K-p 


1431.9 


-1 


0,1 


K-p,Kln ^ 


K%n 


1437.2 


-1 


0,1 


)) )) 




55 


+1 


it 



t) This amplitude only appears in the regeneration process K^n -^ K^n. 



Table II 



Channel 


EtHr/MeV 


S 




K-n - 


-^ TT A 


1255.2 


-1 




K~n - 


^ TT-E" 


1332.1 


-1 




K-n - 


^ n^E- 


1332.1 


-1 




K-n - 


-^ 7r°7r~A 


1388.2 


-1 




K-n - 


-^ K-n 


1433.2 


-1 





Table III 



Channel 


Ethr/MeV 


S 




KIp -^ TT + A 


1255.2 


-1 




KIp -^ 7rOE+ 


1324.3 


-1 




KIp -^ tt+EO 


1332.1 


-1 




KIp -^ TrOyr+A 


1388.2 


-1 




KIp -^ K+n 


1433.2 


+1 


0,1 


KIp ^ K^sP 


1435.9 


+1 


0,1 


n 11 


V 


-1 


1 



For interactions in hydrogen, the cm. energy available for each final state is limited 
by momentum conservation to the initial total cm. energy, equal (neglecting energy losses) 
to w = {ml + Hk + mpM^y/'^, or 1442.4 MeV for incident K+'s and 1443.8 MeV for 
incident K^s. Energy losses for charged kaons can be exploited (using the inner parts 
of the detector as a "moderator") to explore K~p interactions in a limited momentum 
range, down to the charge-exchange threshold dX w = 1437.2 MeV, corresponding to a 
K~ laboratory momentum of about 90 MeV/c. 

For interactions in deuterium (or in heavier nuclei), momentum can be carried away 
by "spectator" nucleons, and one can explore each inelastic channel from the highest 
available energy down to threshold. The possibility of reaching energies below the KN 
threshold is particularly desirable, since the KN unphysical region contains two resonances, 
the / = 0, 5'-wave A(1405) and the / = 1, J^ = | P-wave E(1385), observed mostly in 
production experiments (and, in the first case, in very limited statistics ones^), so that the 
information on their couplings to the KN channel relies entirely on extrapolations below 
threshold of the analyses of the low-energy data. The coupling of the E(1385) to the KN 
channel, for instance, can at present be determined only via forward dispersion relations 
involving the total sum of data collected at t ^ 0, but with uncertainties which are, at 
their best, still of the order of 50% of the value expected from fiavour-5't/(3) symmetry^; 
as for the A(1405), even its spectroscopic classification is still an open problem, vis-a-vis 
the paucity and (lack of) quality of the best available data^'^'^. 

A formation experiment on bound nucleons in an (almost) Att apparatus with good 
efficiency and resolution for low-momentum 7's (such as KLOE) can reconstruct and 
measure a channel such as K~p -^ n^T,^ (only above the KN threshold) or K~d -^ 



n^'E^ns (both above and below threshold), which is pure / = 0: up to now all analyses 
on the A(1405) have been limited to charged channels^, being forced to assume the 1 = 1 
contamination in their samples to be either negligible or smooth and not interfering with 
the resonance signal. This situation is particularly unsatisfactory, in view of the fact that 
the various spectroscopic models proposed for the classification of the A(1405) differ mostly 
in the detailed resonance shape, rather than in its couplings: now, it is precisely the shape 
which could be drastically changed even by a moderate amount of interference with an 
/ = 1 "background". Note also that, having in the same apparatus and at almost the 
same energy tagged K~ and K^ produced at the same point, one can separate / = and 
1 = 1 channels with a minimum of systematic uncertainties, by measuring all channels 
KlP —* tt'^E"'", 7r"'"E*^ and K~p — ^ 7r~E"'", 7r"'"E~, besides, of course, the above-mentioned, 
pure / = 0, K~p -^ n^Tf' one. 

Another class of inelastic processes, which are expected to be produced (even if at 
a much smaller rate) by DA$NE's -ftT's, is radiative capture, leading in hydrogen to the 
final states 7A and 7E'^ for incident K~^s, and, for incident K^s, to the final state 7E"'": 
in deuterium, one expects to observe the capture processes by neutrons, K~d -^ 7E~ps 
and K^d -^ '-yTPps, 7^Ps, as well. Observation of these processes has been limited up 
to now to searches for photons emitted after capture of K~^s stopped in liquid hydrogen 
(and deuterium): alas, the spectra in these experiments are dominated by photons from 
unreconstructed 7r° and E° decays^^. This poses serious difficulties already at the level of 
separation of signals from backgrounds, since (in K~p capture at rest) only the photon 
line from the first final state falls just above the endpoint of the photons from decays of 
the tt'^'s in the tc^A final state, while that from the second falls right on top of this latter: 
indeed, these experiments were able to produce, within quite large errors, only an estimate 
of the respective branching ratios. 

The 47r geometry possible at DA$NE, combined with the "transparency" of a KLOE- 
like apparatus, its high efficiency for photon detection and its good resolution for spatial 
reconstruction of the events, should make possible the full identification of the final states 
and therefore the measurement of the absolute cross sections for these processes, although 
in fiight and not at rest. 

This difference can be appreciated when comparing with theoretical predictions: the 
main contributions to radiative captures are commonly thought to come from radiative 
decays of resonant levels in the KN system^^, while the total hyperon production cross 
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section is expected to come from both resonant and non-resonant intermediate states. An 
estimate of the branching ratios would therefore be quite sensitive to the latter, while a 
prediction of the absolute cross sections should not. 

Data^^ are presently indicating branching ratios around 0.9 x 10""^ for K~p -^ 7A 
and 1.4 x 10~^ for K~p -^ 7^*^, with errors of the order of 15% on both rates: most 
theoretical models^^ tend to give the first rate larger than the second, with both values 
consistently higher than the observed ones. Only a cloudy-bag-model estimate^^ exhibits 
the trend appearing (although only at a 2a level, and therefore waiting for confirmation 
by better data) from the first experimental determinations, but this is the only respect in 
which this model agrees with the data, still giving branching ratios larger than observations 
by a factor two. 

Data are also interpretable in terms of A(1405) electromagnetic transition moments^^: 
this interpretation of measurements taken at a single energy, or over a limited interval, is 
clearly subject to the effect of the interference between this state and all other contribu- 
tions, such as the A- and E-hyperon poles and other resonant states such as the E(1385) 
and the A(1520), not to mention t-channel exchanges (since at least iiT-exchange has to 
be included, to ensure gauge invariance of the Born approximation). An extraction of the 
A(1405) moments, relatively freer of these uncertainties, requires measurements of the final 
states 7A and 7E (if possible, in different charge states) over the unphysical region, using 
(gaseous) deuterium or helium as a "target" . Rates are expected to be only of the order 
of 10^ events/y, but it must be kept in mind that such a low rate corresponds already to 
statistics even better than those of the best experiment performed till now on the shape 
of the A(1405) -^ ttE decay spectrum^. 

4. The K-matrix (or M-matrix) formalism. 

An adequate description of the low-energy KN partial waves must couple at least 
the dominant, two-body inelastic channels to each other and to the elastic one; the three- 
body channel ttttA is expected to be suppressed, for J^ = ^ , by the angular momentum 
barrier, but it could contribute appreciably to the / = 0, J^ = | P-wave, due to the 
strong final-state interaction of two pions in an / = 5'-wave. Note that most bubble 
chamber experiments were unable to fully reconstruct the events at the lowest momenta, 
and therefore often assumed all directly produced A's to come from the ttA channel alone, 
neglecting altogether the small ttttA contribution. 
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The appropriate formalisni is to introduce a K-matrix description (sometimes it is 
convenient to use, instead of the K-matrix, its inverse, also known as the M-matrix), 
defined in the isospin eigenchannel notation as 

K-^ = M,± = TJ^ + i Q2^+i , (22) 

for both / = 0, 1 5'-waves (and perhaps also for the four P-waves as well). The K-matrices, 
assuming SU{2) symmetry, describe the S'-wave data at a given energy in terms of nine 
real parameters (six for 1 = 1 and three for / = 0), while the experimentally accessible 
processes can be described, assuming pure 5'-waves in the same symmetry limit, by only 
six independent parameters, which can be chosen to be the two (complex) amplitudes 
Aq, Ai for the KN -^ KN channel, the phase difference (j) between the / = and 1=1 
ttE production amplitudes, and the ratio e between the ttA production cross section and 
that for total hyperon production in an / = 1 state^^. 

Thus a single-energy measurement does not allow a complete determination of the K- 
matrix elements at that energy. Using high-statistics measurements at different momenta, 
and assuming either constant K-matrices or (if more complexity were needed) effective- 
range M-matrices could in principle fully determine the matrix elements: but for this to 
be possible one has to be able to subtract out the (small) P-wave contributions to the 
integrated cross sections 

(^) rfcos6' = 47r[|To+|2 + 2|Ti+|2 + |Ti_|2 + ...] , (23) 

which could be obtained either from Li alone, for the elastic and charge-exchange chan- 
nels, or from both Li and Py, which give complementary information, for the hyperon 
production channels. None of these quantities has been measured up to now: the TST 
Collaboration tried to extract Li from some of their low-statistics data, but found results 
consistent with zero within their obviously very large errors^. At the same level of accu- 
racy, one should also be able to isolate and separate out the ttttA channel contribution as 
well. 

Remember that an accurate analysis has also to include the complete e.m. correct- 
ions^'^: up to now all KN analyses have relied on the old, approximate formulae derived 
by Dalitz and Tuan for a pure S'-wave scattering^^. 

To fix the redundant K-matrix parameters, different authors have tried different 
methods: some have used the data on the shape of the ttE spectrum from production 
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experiments^^, others have constrained the amphtudes in the unphysical region by impos- 
ing consistency with dispersion relations for the amphtudes D for both K^p and K^n 
forward elastic scattering^^"^'^, relying on the existence of accurate data on the total cross 
sections at higher energies. More recently, some attempts have been made to combine both 
constraints into a "global" analysis, but with no better results than each of them taken 
separately^^. 

Unfortunately, neither of these methods has been very powerful, because of the low 
statistics of the ttE production data on one side, and on the other because of the need to 
use for the dispersion relations the often not very accurate information (and particularly 
so for the K^n amplitudes) on the real-to-imaginary-part ratios. 

We list below (without errors, often meaningless since the parameters are strongly 
correlated, and therefore not even quoted by some of the authors) the constant K-matrices 
found by Chao et al. using the first method^^ (which did not include the TST Collaboration 
data), and the more complex parametrization found by A.D. Martin using the second^^'^^ 
(and including the preliminary TST data). Note that to describe the data for / = both 
above and below threshold A.D. Martin was forced to introduce a "constant-effective- 
range" M-matrix, where M'^^-* = (K*-*^-*)"^ = A + R/c^, with three more "effective range" 
parameters, so that to make the two analyses comparable we list separately his threshold 
K-matrix values. 

The purpose of this table is to show that there is considerable uncertainty even on 
the value of the Kj^jy elements of the K-matrices (the real parts of the corresponding 
scattering lengths): the data have been re-analyzed by Dalitz et ai.^^, using both sets of 
constraints with different weigths and different parametrizations, and yielding a variety of 
fits, all of them of about the same overall quality and none of them improving very much 
over the above ones. 

Just to highlight the difficulties met in describing the data (probably plagued by 
inconsistencies between different experiments and BY large systematic uncertainties), we 
point out that A.D. Martin himself^^ found that including in his analysis a E(1385) res- 
onance at the right position, with the width given by the production experiments (and 
listed in the Particle Data Group tables) and the coupling to the KN channel dictated by 
fiavour-S't/(3) symmetry, was worsening rather than improving the fits obtained neglecting 
it altogether: his analysis therefore considers the S Born-term contribution a "superpo- 
sition" of the former and of that of the P-wave resonance, a rather unsavoury situation 
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considering the different J^ quantum numbers of the two states, which may raise questions 
about the apphcabihty of his analysis away from t ~ 0. Note that a similar superposition 
has to be considered in the K p dispersion relations for the E- and A-pole contributions, 
which can not be separated from each other, but here the two states contribute to the 
same partial wave, and the E-pole can be extracted independently from K^n scattering 
(or Ks regeration on protons) data^^. 

Table IV 



Chao et ai. 






A. D. 


Martin 






Kf^ = -1.56/m 


Ann 


= -0.07 fm-^ 


Rnn = 


+0.18/m 


KZm 


= -1.65/m 


Kf^ = -0.92fm 


Ani: 


= -1.02/m-i 


Rnt. = 


+0.19/m 


K^ko) 


= +0.16/m 


K^l = +0.07 fm 


A^j:-- 


= +1.94/m-^ 


-Ree = 


-1.09/m 


4"^(0) ^ 


= -0.15/m 


K^i^N = +0.76/m 










^(1) _ 


: +1.07 fm 


K^^l = -0.97 fm 










-"■ATE - 


-1.32/m 


K^NA = -0.66/m 










^(1) _ 


-0.30/m 


K^l = +0.86/m 










K'il = 


+0.27/m 


K^l = +0.51/m 










A-S = 


+1.54/m 


K^^l = +0.04/m 










< = 


-1.02/m 



In the analysis of the low-energy data collected in the past on these processes, one of 
the main difficulties comes from the large spread in momentum of the typical low-energy 
kaon beams, for K^^s because of the degrading in a "moderator" of the higher-energy 
beams needed to transport the kaons away from their production target, for K^s because 
of the large apertures needed to achieve satisfactory rates in the targets (typically bubble 
chambers): this made unrealistic the proposals (advanced from the early seventies) of 
better determining the low-energy K-matrices by studying the behaviour of the cross 
sections for iir~p-initiated processes at the K^n charge-exchange threshold^"^. The high 
momentum resolution available at DA$NE will instead make such a goal a realistically 
achievable one. 

In this case one can no longer assume SU{2) to be a good symmetry of the amplitudes: 
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under the (reasonable) assumption that the forces are still S't/(2)-syninietric, one can 
however still retain the previous K-matrix formalism, but one can no longer decouple the 
different isospin eigenchannels^^. Introducing the orthogonal matrix R, which transforms 
the six isospin eigenchannels for KN (/ = 0,1), ttA (/ = 1 only) and ttE (/ = 0,1,2) 
into the six physical charge channels K~p, K^n, n^A, 7r~E+, 7r*^E*^ and n~^'E~ , and the 
diagonal matrix Qc of the cm. momenta for these latter, one can rewrite the T-matrix 
for the 5'-waves in the isospin-eigenchannel space as 

T7I = K7I - zR-iQ,R , (24) 

where K/ is a box matrix with zero elements between channels of different isospin, and 

R~^ Qc R is of course no longer diagonal. 

(2) 
Apparently this involves one more parameter, since it also contains the element Kj^y,'- 

in practice, if one is interested in the behaviour of the cross sections in the neighbourhood 

of the KN charge-exchange threshold, one can take the cm. momenta in the three ttE 

channels as equal, so that the / = 2, ttE channel decouples from the / = 0, 1 ones, since 

the "rotated" matrix R~^QcR has now only two non-zero, off-diagonal elements, equal 

to ^{qo — q-) (where the subscripts refer to the kaon charges), between the 1 = and 

1 = 1 KN channels, the diagonal ones being the same as in the fully 5't/(2)-symmetric 

case, if one substitutes for the KN channel momentum q the average over the two charge 

states ^{qo + q-). Kj.^ would however be important for describing accurate experiments 

on ttE and ttA mass spectra in the unphysical region below the KN threshold without 

recourse to the 5't/(2)-symmetry limit: but the state-of-the-art of our understanding of 

wave-functions even for the lightest nuclei is not such as to make these isotopic-symmetry- 

breaking corrections relevant. 

5. Low— energy K^ scattering is important, too. 

Better information on the S = +1 system is also essential in several cases. We limit 
ourselves to mention only two of the problems coming to our mind. Isospin symmetry, as 
can be seen from the previous section, is an essential ingredient in the phenomenological 
analysis of the KN system, apart from obvious mass-difference effects, apparent only in 
the close proximity of the thresholds, which one can describe by modifying the K-matrix 
formalism as outlined above^^. 

One way to check isospin symmetry is to relate the amplitudes derived from charged 
kaon scattering to the data from Ks regeneration. Since isospin relates the scattering of 
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charged kaons on protons to the regeneration on neutrons (and vice versa), the test is 
better performed on an isoscalar nuclear target, such as deuterium or "^He. We should 
have indeed, apart from kinematical corrections and CP-violation effects, 

T{KlP -^ Ksp) = l[T{K% -^ K%) - T{K^p -^ K^'p)] = 

= -[T{K+n^K+n)-T{K-n^K-n)] (25) 

and 

T{KLn -^ Ksn) = hT{K^n -^ K^n) - T{K^n -^ K^n)] = 

= 1 [T{K+p ^ K+p) - T{K-p ^ K-p)] ; (26) 

when we introduce these equalities in a nuclear scattering calculation, as in e.g. a Glauber 
model, all elastic multiple scattering effects should apply equally to both the right- and 
left-hand sides of the equalities for an isoscalar nucleus, protecting the identity from a 
large fraction of the "nuclear" effects^^. 

Such tests could have been possible up to now only at higher momenta, where the 
opening of inelastic channels in the 5" = +1 systems complicates calculations further: a 
test performed in the elastic region of this system should make things simpler and clearer. 

The second problem, related in many theoretical analyses to observations from inelas- 
tic electron and muon scattering on nuclei, namely to changes in the electromagnetic prop- 
erties and in the deep-inelastic structure functions of nucleons bound in nuclei with respect 
to the free ones, is the "antishadowing" effect observed at momenta around 800 MeV/c 
for K~^ scattering on nuclear targets^^. Conventional Glauber-model calculations^^ led to 
expect a ratio (2cr^)/(A(jD) slightly less than unity and decreasing with both the kaon mo- 
mentum and the target mass number A, while the measured values were larger than unity 
and increasing with momentum. This led to think, as an explanation of this and of the 
aforementioned electromagnetic phenomena, of a "swelling" of the bound nucleons with 
respect to free ones, in line with some of the explanations put forward for the "nuclear" 
EMC effect, though at a much higher energy scale^^. 

New data have recently confirmed this trend^^, but only for momenta higher than 
approximately 600 MeV/c; a possibility coming to mind is that the opening of inelas- 
tic channels, such as nKN (or more simply quasi-two-body ones as KN* and K*N), 
might necessitate the introduction of inelastic intermediate states absent in a conven- 
tional Glauber-model calculation, phenomenon analogous to the need to introduce inelastic 
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diffraction in the intermediate steps of a multiple-scattering formalism to explain diffrac- 
tive processes on nuclei at much higher energies: thus the data would be just showing the 
opening of the threshold for such a phenomenon, particularly visible in the iiT^-scattering 
case because of the extremely long mean-free path of this hadron in nuclear matter (about 
7 fm). 

Measurements of the K^ cross sections on different nuclei in DA$NE's kinemati- 
cal region, where K^N interactions are purely elastic, should help close the issue when 
compared with accurate Glauber-model calculations^^. 

We would like to close reminding the reader that information on the 5" = +1, / = 
channel in this energy region is coming entirely from extrapolations from higher-momen- 
tum data, since iiT^-scattering (and regeneration) data on deuterium are not available at 
momenta lower than about 300 MeV/c: at present we have only a generic idea about the 
order of magnitude of the absolute value of the KN 1 = scattering length, expected to 
be of the order of some times 10~^ fm from forward dispersion relations and the lowest- 
momentum regeneration data^^~^*^. An accurate measurement of the cross sections for K~^ 
incoherent scattering on deuterium, possible at DA$NE over a wide angular range, would 
thus give us the first direct measurement of this quantity. 
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